ABSTRACT The purpose of this study was to examine the population structure of Neoleucinodes elegantalis (Guené e) (Lepidoptera: Crambidae) in relation to host plant association and ecological Holdridge zones. Adult collections were made in cultivated and wild Solanaceae species in 13 departments of Colombia. Sequencing of 658 bp of the mitochondrial gene Cytochrome Oxidase 1 on 103 individuals produced 25 haplotypes. Haplotypes H1, H2, H4, and H7 were the most frequent and were geographically separated by the Andean mountains. We obtained an F ST ϭ 0.57 (P Ͻ 0.0001), where most of the genetic differentiation (42.64%) was between individuals within each department. Pairwise F ST analysis produced higher genetic values between geographically separated departments than between closely related sites. H2 and H7 apparently behave as generalist populations, as they were found in different habitats and different hosts. The most divergent populations of N. elegantalis were found in southern Colombia, at a location were Solanun quitoense might have originated. Host plant association and environmental factors such as Holdridge life zones are playing an important role in the differentiation of N. elegantalis. Population structuring in N. elegantalis indicates that integrated pest management strategies used to control this species should consider the genetic differentiation of the species at different locations in Colombia.
Neotropical forests are considered the most diverse ecosystems in the world (Myers et al. 2000) , in particular, in South America; the Andean uplift has played an important role in the historical diversiÞcation of neotropical organisms (BrumÞeld and Edwards 2007) . For this reason, the Andes mountains offer a natural laboratory for studies of biogeography, geographic variation, and speciation (BrumÞeld and Edwards 2007) . Nevertheless, the role of these mountains in the diversiÞcation of insects has been poorly analyzed by using phylogenetic methods (Elias et al. 2007 ). Examples of a vicariant effect on diversiÞcation in the Lepidoptera have been documented in two distinct studies. In the Þrst one, Elias et al. (2007) made a comparison of the pattern and timing of insect diversiÞcation in the Andean region in two butterßy generaÑIthomia and NapeogenesÑÞnding that Ithomia species are mostly distributed in high elevations whereas Napeogenes in the lower ones. These results were obtained by using DNA sequencing of two mitochondrial genes (Cytochrome oxidase I and II) and two nuclear genes (elongation factor and tekti). In the second study, Brower (1994a) demonstrated that Heliconius erato (L.) races are genetically differentiated in two groups from east and west of the Andes by using mitochondrial DNA sequences (of the genes cytochrome oxidase I, the leucine tRNA, and the cytochrome oxidase II). Brower showed that 14 divergent races of this species consist of allopatric populations with similar wing patterns, and they may have evolved simultaneously and convergently within the eastern and western clades.
In contrast, a number of studies of phytophagous insects have demonstrated evolution of host plant association owing to local adaptation to hosts (Feder 1998, Drè s and Mallet 2001) . These studies have supported the idea that ecological speciation between populations of the same species occurs in sympatryoriginating host races, host biotypes, or strains that have evolved both pre and postzygotic isolation (Drè s and Mallet 2001) . Examples for speciation through host plant adaptation are as follows: the apple maggot Rhagoletis pomonella (Walsh) on haw-thorn and domestic apple (Bush 1969 , Bush and Smith 1998 , Feder 1998 , the larch budmoth Zeiraphera diniana (Guené e) on European larch and cembran pine (Emelianov et al. 2001) , or the European corn borer Ostrinia nubilalis (Hü bner) on corn and mugwort (Martel et al. 2003 ) and the fall armyworm Spodoptera frugiperda (Smith) on corn and rice (Prowell et al. 2004, Saldamando and Vé lezÐArango 2010) .
An insect that can provide insight into both the effect of the Andean Mountains and the evolution of host plant association in the diversiÞcation of its natural populations is the tomato fruit borer, Neoleucinodes elegantalis (Guené e) (Lepidoptera: Crambidae). This moth is an oligophagous pest mainly associated with cultivated species of the family Solanaceae including seven commercial species (Solanum Sánchez 1973 , Posada et al. 1981 , Gallego and Vé lez 1992 , Medal et al. 1996 , Picanç o et al. 1997 , Carneiro et al. 1998 , Viáfara et al. 1999 , Diniz and Morais 2002 , Olckers et al. 2002 , Morales Valles et al. 2003 , Cordo et al. 2004 , Benvenga, 2009 , Dṍaz 2009 , Anteparra et al. 2010 , Barbosa et al. 2010 , Revelo et al. 2010 , Dṍaz et al. 2011 , Instituto de Tecnologṍa Agropecuaria [INTA] 2011 .
N. elegantalis has been found in many neotropical countries including islands of the Caribbean (Cuba, Grenada, Jamaica, Puerto Rico, Trinidad, and Tobago), North and Central America (Mexico, Honduras, Costa Rica, and Panama), and South America (Argentina, Bolivia, Brazil, Colombia, Ecuador, Galapagos, Guyana, Paraguay, Peru, Suriname, and Venezuela) (Capps 1948; Salas et al. 1990 Salas et al. , 1992 Marcano 1991a,b; LightÞeld 1996; Medal et al. 1996; Mirás et al. 1997; Eiras 2000; Jordão and Nakano 2000; Blackmer et al. 2001; Cabrera et al. 2001; Jordão and Nakano 2002; Badji et al. 2003; Eiras and Blackmer 2003; Martinelli et al. 2003; Morales Valles et al. 2003; Cordo et al. 2004; Pastrana 2004; Miranda et al. 2005; Arnal et al. 2006; Causton et al. 2006; Jaffe et al. 2007; Leal et al. 2007; Picanç o et al. 2007; Espinoza 2008; Salas 2008; Anteparra et al. 2010; Benvenga et al. 2010; GDAÐDSA 2010; De Castro 2011; Dṍaz et al. 2011; INTA 2011; EPPO 2012; Gomes et al. 2012; CRBio 2013) . This moth is considered a quarantine pest in the western hemisphere (LightÞeld 1996 , SAG 2005 , , USDA et al. 2005 making difÞcult the trade of fruits of the family Solanaceae, and it can also be found in almost all Holdridge life zones (0 Ð2,600 m above sea level), demonstrating the ability of this insect to adapt to cold, temperate, and warm climates (Dṍaz et al. 2011 ). Holdridge life zones consist of a global bioclimatic scheme used for the classiÞcation of land areas based on the assumption that life zones can be mapped once the climate is known (Holdridge 1967) .
In addition, the biological control used in N. elegantalis is diverse and in some cases is speciÞc depending on the crop (Dṍaz and Brochero 2012). Other factors that vary depending on the host include oviposition and pupation behaviors (Salas et al. 1990 , Marcano 1990 , Serrano et al. 1992 , Viáfara et al. 1999 , Blackmer et al. 2001 , Rodrigues Filho et al. 2003 . Fitness also changes from host to host (Clavijo 1984; Fernández and Salas 1985; Marcano 1991a,b; Serrano et al. 1992) . To monitor populations of N. elegantalis in the Þeld, the sexual pheromone has been used because of its great power of attraction to populations of N. elegantalis on different Solanaceae species in Brazil, Colombia y Venezuela (Mirás et al. 1997 , Cabrera et al. 2001 , Kuratomi 2001 , Badji et al. 2003 , Arnal et al. 2006 , Benvenga 2009 , Benvenga et al. 2010 , Colorado et al. 2010 .
Previous studies carried out in Colombia based on morphology of female genitalia by Dṍaz (2009) and wing morphometrics by Obando (2011) have shown that phenotypic differentiation in N. elegantalis is because of host plant adaptation, as females with large genitalia are associated with hosts with large fruits (e.g., S. betaceum on tree tomato) and females with small genitalia are associated with hosts with small fruits (e.g., S. acerifolium on wild species of Solanaceae). Wing morphometric variation also demonstrated that N. elegantalis wing size varies depending on the host plant and also on the Holdrigde life zone where the adult was collected. Hence, not only genitalia but wing morphometric outcomes suggest genetic differentiation in N. elegantalis in Colombia. For all these reasons, the purpose of this study was to carry out a population genetic analysis of the tomato fruit borer in Colombia by using specimens collected from the North, South, and Central departments of the country and on different Solanaceae hosts to determine: 1) whether the Andean mountain range plays an important role in the genetic differentiation of the species, 2) whether host plant association produces genetically structured populations of this moth species, and 3) whether Holdrigde life zones are also involved in the differentiation of this insect.
Materials and Methods
Insect Collection. Larvae of N. elegantalis were collected from infested fruits of S. quitoense, commonly known locally as lulo in Colombia or naranjilla in Ecuador, the tree tomato, S. betaceum, tomato, S. lycopersicum and wild S. hirtum (commonly known as "huevoegato"), S. atroporpureum ("peloepuerco"), and S. crinitum ("tachuelo") at the departments of Antioquia, Boyaca, Caldas, Cauca, Cundinamarca, Quindio, Huila, Magdalena, Norte de Santander, Risaralda, Santander, Tolima, and Valle del Cauca (Colombia, South America). Collections were made during 2005 and 2009. All collected samples were reared in the laboratory until adulthood. Once the adult moths were obtained, individuals were stored in 2.5-ml vials with 70% ethanol; the insects were stored in a refrigerator until processing (Table 1) .
DNA Preparation. N. elegantalis genomic DNA was extracted using the Gilbertson et al. (1991) protocol. DNA concentration was obtained by using a NanoDrop-2000 (Thermo ScientiÞc, Wilmington, MA). The mitochondrial COI was ampliÞed using a pair of primers LCO1490: 5Ј-GGTCAACAAAT-CATAAAGATATTGG-3Ј and HCO2198: 5Ј-TAAA-CTTCAGGGTGACCAAAAAATCA-3Ј (Folmer et al. 1994) . Each PCR reaction was carried out in a volume of 25 l, containing 3 l of extracted DNA, 13.8 l of Trehalose (10%), 2.5 l of PCR buffer (10ϫ: 50 mM KCl, 10 mM Tris-HCl [pH 8.8], 0.1% Triton X-100), 2 l of MgCl 2 (1.5 mM), 1.2 l of dNTP (0.2 mM), 1 l of each primer (0,1 M), and 0.2 l of Taq polymerase (0.1U/l) (CIAT -Palmira, Colombia). The thermocycling program was 94ЊC (4 min), 94ЊC (40 s), followed by 30 cycles of 55ЊC (35 s), 72ЊC (1 min), with a Þnal extension at 72ЊC for 5 min. All PCR reactions were carried out in a thermocycler PTC-100 (MJ Research Inc., Alameda, CA). PCR products were puriÞed by using Wizard SV Gel Kit and PCR Clean-Up System (Promega, Madison, WI). All DNA products were observed in agarose gels (1.5%) and SYBR Safe (DNA gel stainÑInvitrogen, Eugene, OR). Each DNA sample was puriÞed and sequenced in an automatic sequencer ABI Prism 377 (Perkin Elmer/Applied Biosystem, Foster City, CA) at the molecular genetics laboratory of the biotechnology unit of the International Center for Tropical Agriculture (CIAT). Each PCR product was sequenced in both senses. In addition, each sequence was examined individually, and many of them were sequenced twice per sample to verify DNA quality and reproducibility.
DNA Sequence Analyses. Sequencing of a fragment of the gene CO1 was used here, given that analyses of mitochondrial DNA (mtDNA) genes are useful for measuring genetic variation, haplotype identiÞcation, construction of phylogenies, and population genetic studies in insects (Avise 1994 , Freeland 2005 , Cameron and Whiting 2008 . In particular, CO1 has been used to study the population genetics of other pest species such as Maruca vitrata (F.) (Margam et al. 2011) , another member of the polyphyletic subfamily Spilomelinae in which N. elegantalis is also included.
The sequences obtained were edited by hand with Bioedit (Hall 1999) and aligned with the algorithm Clustal W (Larkin et al. 2007 ). The estimations for nucleotide polymorphism, nucleotide divergence, segregant sites, number of polymorphic sites, and number of haplotypes were obtained using DNAsp V5 software (Librado and Rozas 2009 ). The software Mega 5.0 (Tamura et al. 2011 ) was used to determine the nucleotide model of substitution (Nei and Kummar 2000) . Maximum likelihood (ML) trees were chosen to visualize the genetic similarity within and between Colombian haplotypes of the species. These phylogenies were obtained with the software Mega 5.0 for cladogram construction based on maximum likelihood and bootstrapping using 500 replications. To determine whether N. elegantalis haplotypes produced structured populations among the studied regions of Colombia, an AMOVA test was performed using Arlequin 3.11 (ExcofÞer et al. 2005 ). This latter software was also used to obtain the estimator of gene neutrality (Tajima and Nei 1984) . The TajimaÐNei test was performed to determine whether N. elegantalis populations are in expansion (positive selection pressure), or under balancing selection (negative selection pressure) or whether they are under a selective neutral hypothesis (Nei and Kummar 2000) . In addition, neighbor-joining (NJ) dendrograms based on F ST values were constructed in Mega 4.0 (Kumar et al. 2008 ) and used to compare the genetic differentiation across Þve Colombian regions. Furthermore, a network tree was obtained for all regions of Colombia in Network 4.5.1.0. (Fluxus technology 2010).
Results and Discussion
Extraction of DNA and ampliÞcation of the mitochondrial gene CO1 produced a 658 bp portion from a total of 103 individuals (Supp. For most haplotypes, S. quitoense was the most commonly found host. The most frequent haplotypes are H1, H2, H4, and H7 and are shown in a Colombian map ( Fig. 1 ; Supp. Table 3 [online only]) and in the multifurcated tree or network (Fig. 2) . H1 includes individuals collected on S. quitoense and S. lycopersicum. H2 includes individuals collected on S. quitoense, but most of them were collected on S. betaceum and few individuals were obtained from S. lycopersicum and S. atropurpureum. On the contrary, H4 was composed by individuals collected only on S. betaceum and S. lycopersicum. H7 is composed by individuals collected on S. lycopersicum, S. betaceum, S. quitoense, and the wild species S. hirtum. H5 was speciÞc to the wild species S. crinitum, and H8, H9, and H10 were speciÞc to S. hirtum. The less frequent haplotypes were H11ÐH25, and all of them were found in almost all sampled hosts. These haplotypes were found at the Central and East Andean mountains and were genetically different from haplotype H7.
In addition, N. elegantalis haplotypes were distributed across Þve Holdridge life zones (Holdridge 1967) , including Premontane dry forest (df-PM), Lower Montane very wet forest (vwf-LM), Lower Montane wet forest (wf-LM), Premontane very wet forest (vwf-PM), and Premontane wet forest (wf-PM). Furthermore, N. elegantalis was mostly collected in wf-PM and vwf-PM. Haplotype 2 was the most generalized, given that it was found in all life zones, whereas haplotypes H4 and H7 were the most specialized. Moreover, haplotypes H1 and H2 were found in all three Andean mountains (Central, West, and East) including the Colombian regions identiÞed in this study as West, CentralÐWest, and South regions ( Fig. 1 ; Supp. Table 3 [online only]). The distribution of H4 is almost restricted to the East Andean mountain range, in particular at the department of "Norte de Santander," and the majority of individuals belonging to H7 were found in the Central and West Andean mountain ranges, in an area of Colombia distinguished for being coffee-growing area (departments of Quindio, Risaralda, Caldas, and Valle del Cauca) ( Fig. 1 ; Supp. Table 3 [online only]).
For the ML tree, we obtained the substitution model TN93: Tamura-Nei given by the BIC criteria (BIC ϭ 4,732.694, -lnL ϭ Ϫ1,215.019) provided in Mega 5.0 (Supp. Fig. 1 [online only] ). In general, this tree does not show either associations between N. elegantalis sequences and their respective hosts or association of the sequences to a geographic origin. The Tajima-Nei analysis indicated that all sampled areas were neutral, showing that N. elegantalis populations are not under selection pressure, population expansion, bottleneck, or heterogeneity of mutation rate (Table 1) (Tajima 1989 (Tajima , 1996 . The F statistics obtained in this work (F CT ϭ 0.28, F SC ϭ 0.40, and F ST ϭ 0.57) indicates a strong genetic differentiation in N. elegantalis populations because F ST was highly signiÞcant (P Ͻ 0.0001). Most of the genetic variation was between individuals (42.64%) within each depart- September 2013 DÍAZÐMONTILLA ET AL.: GEOGRAPHIC DIFFERENTIATION Neoleucinodes elegantalisment of Colombia, followed by 29.34% of the variation between departments within regions and 28.02% of variation was between regions (Table 2) . These results further imply reduced or nonexistent gene ßow between populations of this insect in Colombia. Based on our pairwise F ST analysis between populations of N. elegantalis collected in all departments of Colombia, we found higher genetic differentiation between departments that are geographically separated than between closely related departments (Table 3). Figure 3 shows a NJ tree where populations of N. elegantalis are separated into three clusters, one composed by the departments of Cundinamarca, Huila, Boyaca, Tolima, and Cauca, another cluster by Santander, Magdalena, and Norte de Santander, and Þnally a third cluster by Antioquia, Nariñ o, Quindio, Risaralda, Valle del Cauca, and Caldas. The Þrst cluster is composed by populations at the CentralÐEast and CentralÐSouth of Colombia, the second by NorthÐEast populations, and the third by populations located at CentralÐWest and SouthÐWest of Colombia.
DNA Polymorphism. In this study, DNA polymorphism estimated for N. elegantalis produced lower values compared with other pest species such as ). According to Colombian orography, the Cauca department is part of the "macizo colombiano" a place where the Andean mountain range separates into the central and western chain of mountains. The macizo colombiano has been considered a Pleistocene refugium and thus many animal and plant species have diverged in this area of Colombia (Ideam 1999 (Ideam , 2002 .
Our results suggest that N. elegantalis might have evolved host plant associations, but speciation in this insect might have been allopatric instead of sympatric (Pashley 1986 ). Allopatric speciation is the main mechanism for species differentiation, as geographic isolation generates a barrier to gene ßow. This type of speciation has been documented in a wide variety of species (Noonan 1988 , Blum et al. 2003 , Guayasamin et al. 2008 , Parra et al. 2009 , Zhao et al. 2011 . Gene ßow between haplotypes H7 and H4 might have been interrupted by a physical barrier like the Andean mountains (Fig. 1) . However, haplotypes H1, H2, and H4 are apparently sympatric given that were found in the Western and Eastern Colombia (Fig. 1) . The divergence percentage of these three haplotypes was 
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South-West Ͻ0.5%. Moreover, the highest value of genetic distance was obtained for the haplotype H7 with a 1.9% divergence. Our results are consistent with the work of Luque et al. (2009) work. These authors found that three ecotypes of the species Diarsia brunnea (Denis & Schiffermü ller) (an olygophagous noctuid species) depend on the presence (abundance) of their hosts in nature. Because genetic divergence for species of the order Lepidoptera is between 3.6 and 5.0% (Sperling et al. 1996 , Lee et al. 2006 , and Hebert et al. 2004 , the divergence value obtained for H7 (1.9%) is not high enough to consider this haplotype as another species. However, the results obtained here demonstrate a genetic differentiation at the intraspeciÞc level.
Host Plant Association and Genetic Differentiation of N. elegantalis. In general, we observed that 49% of N. elegantalis haplotypes were found in S. quitoense, followed by S. lycopersicum with a frequency of 24%, by S. betaceum (tree tomato) with a frequency of 14.5%, and the wild species S. hirtum with 8.7%, S. crinitum with 1.9%, and S. atropurpureum with 0.97%. In this study we only collected N. elegantalis samples on different hosts, but we did not consider sampling effort; thus, we can only suggest that this pest is associated with the fruit Solanaceae, and additional experiments are required to demonstrate species-speciÞc associations. However, previous work on Þtness performance of N. elegantalis based on fecundity and survival rate on S. quitoense showed that this moth species has a higher Þtness on this host compared with other species of Solanaceae (Clavijo 1984; Fernández and Salas 1985; Marcano 1991a,b; Serrano et al. 1992) . Therefore, it appears that this moth has a stronger association with this host plant compared with other solanaceaous plants. With respect to the host plant association of N. elegantalis haplotypes, our results showed variation in host plant abundance among haplotypes. The most generalist haplotypes were H1, H2, H3, H7, H16, and H19, as they were found on Solanaceae species with and without spines (Supp. Table  4 [online only]). Haplotype 2 was the most generalized because it was found associated to phylogenetically separated Solanaceae like S. quitoense and S. atropurpureum of the subgenus Leptostemonum (Solanaceae species with spines) of Lasiocarpa and Acantophora sections respectively, and S. betaceum, of the subgenus Cyphomandra, and S. lycopersicum of the subgenus Potatoe; these last two are Solanaceae species without spines (Solanaceae Source, 2012). Apparently the genetic variation present in the H2 haplotype allows greater ability for expansion of diet breadth; moreover, it is possible that the detoxiÞcation systems permit this haplotype to tolerate toxins, because most species of the family Solanaceae contain toxic compounds (Hawkes et al. 1979) . However, the larvae of this haplotype of N. elegantalis can develop in host-fruits of cultived and wild Solananceae species. In accordance with Li et al. (2004) , generalist insectsÕ detoxiÞcation enzyme proteins are capable of handling a more structurally diverse array of chemicals than specialist insects. However, the chemical oviposition stimulant present in those plants affect host selection and oviposition behavior of N. elegantalis. Teles et al. (2010) , found that Hexane extracts of tomato fruits stimulate oviposition by N. elegantalis signiÞcantly. One of the most abundant and specialized groups is formed by haplotypes H4, H5, H8, H9, H10, H11, H12, H14, H17, H18, H21, H22, H24, and H25, because they were found associated with Solanaceae species with spines (Supp. Table 4 [online only]). We believe that the most commonly used species of N. elegantalis belongs to the subgenus Leptostemonum; this subgenus which differentiated in the Miocene is more ancestral than the subgenus Cyphomandra and Potatoe (S. betaceum and S. lycopersicum are part of these subgenera, respectively) (BedoyaÐ Reina and Barrero 2009, Wu and Tanksley 2010) . Three other cases of host plant speciÞcity were also observed: haplotype 6, as it was only found in S. atropurpureum (subgenus Leptostemonum, section Acantophora), haplotypes H13 and H20 in S. lycopersicum (subgenus Potatoe), and haplotypes H15 and H23 that were found in S. betaceum (subgenus Cyphomandra) (Supp. The results obtained here indicate that natural selection plays an important role in the evolution of host plant association of this moth species for several species of Solanaceae, generating a genetic divergence among the populations of this pest and also a morphological differentiation as found by Obando (2011) . Wing morphometrics have shown that the wing conformation of N. elegantalis populations that were collected on the wild species S. crinitum and S. atropurpureum is signiÞcantly different from cultivated species of Solanaceae in nature (Obando 2011) . Baena (2010) found differences in pupal weight and pupation duration among N. elegantalis populations collected on S. quitoense, S betaceum, and S. lycopersicum; however, it is still unknown whether N. elegantalis larval development differs among hosts. Feder et al. (1994) have demonstrated that host Þdelity is the main cause of reproductive isolation between sympatric races of Rhagoletis pomonella. One example of a host plant association that has been demonstrated for Lepidoptera includes the moth, O. nubilalis (Bethenod et al. 2005 , Malausa et al. 2007 ; this insect has diverged into different races, one mainly found on maize (Zea mays L.), the other race on mugworth (Artemisia vulgaris L.) and on hops (Humulus lupulus L.). Another example is the fall armyworm S. frugiperda (Pashley 1986) a moth that has differentiated into two strains, one mainly found on maize and the other on rice (Oryza sativa L.). Although the results found in this work suggest an apparent host plant association of N. elegantalis with several species of Solanaceae, the use of the concept host races, should be considered with caution, as these hosts should be genetically structured and should have a limited gene ßow owing to reproductive isolation between them as suggested by Drè s and Mallet (2001) . Thus, because we have only analyzed a mitochondrial DNA gene, it is difÞcult to measure the level of hybridization between the N. elegantalis haplotypes or the level of reproductive isolation between them.
The Þrst evidence of reproductive isolation between populations of N.elegantalis collected on S. betaceum (H3), S. quitoense (H7), and S. lycopersicum (H7) was carried out by Baena (2010) , who found a reduction in reproductive compatibility generated by behavioral isolation between S. betaceum and S. quitoense versus S. lycopersicum. Nevertheless, her results are not so conclusive, given the conditions used to measure this type of isolation. Another possible reproductive isolation between hosts could be related to mechanical isolation as observed by Dṍaz (2009), who found that N. elegantalis specimens collected on plants with small fruit size have small genitalia, and likewise specimens collected on plants with large fruit size have larger genitalia. Given the results observed by Dṍaz (2009), one would expect high gene ßow between haplotypes H7 and H2, providing that both were sampled from hosts on which N. elegantalis usually has large and medium size genitalia. Similarly, haplotypes H4 and H1 should mate freely, as individuals collected from these hosts usually have mediumsized genitalia. The morphological differentiation of female genitalia and the correlation of female genitalia size and fruit size can be an important prezygotic barrier to gene ßow in this moth species and therefore this subject should be studied further.
Another type of reproductive isolation found in N. elegantalis is the behavioral isolation observed in Venezuelan individuals of this moth species collected on S. lycopersicum. These individuals mated assortatively because males that were large and heavy successfully mated with females with the same phenotype and for this reason some authors suggest that sexual pheromones might be important in this type of prezygotic isolation in this insect (Jaffe et al. 2007 ). The monogamous behavior of males and females of this species might limit gene ßow between sympatric populations of this insect (Jaffe et al. 2007) .
N. elegantalis Ability to Adapt to Different Life Zones. If S. quitoense is the host plant used most frequently by N. elegantalis, we suggest that populations of this insect might have naturally coexisted with this crop for a long time. Optimal conditions for this crop include the cold temperatures experienced in wf-LM and vwf-LM (Angulo 2006). Our results have shown that N. elegantalis does not only adapt to these life zones but to temperate zones df-PM, wf-PM, vwf-PM, and in warm weather Tropical dry forest (df-T) (Dṍaz et al. 2011) . Invasions of N elegantalis to new habitats have extended the host plant range of the species. This insect is commonly found on hosts that are adapted to cold weather, such as S. quitoense and S. betaceum, to template and warm weather-adapted hosts including S. lycopersicum, S. melongena, and C. annuum, and also several wild Solanaceae species (Dṍaz 2009). Populations of N. elegantalis have demonstrated an ability to exploit new habitats and also new diets (Spospineo et al. 1998 , Pyrcz et al. 2009 , Wright et al. 2010 , Lankau 2011 . In general, N. elegantalis haplotypes H2 and H7 are generalists (eurioico) because they have been found in different habitats and different Solanaceae hosts plants.
Effective Population Size and Pest Management. QuantiÞcation of past and present population size in a natural population, particularly in a pest species, can provide insight into the success of a population invasion, the amount of effort required to eradicate or suppress that population, and the effectiveness of a control strategy (Rollins et al. 2006 ). However, habitat structure, geographic extent, mobility, size of the individual, the cryptic nature of the species, and population distribution, among other problems often complicate quantifying population size estimated by performing direct census (Rollins et al. 2006) . In pest management, molecular techniques can be used to estimate genetic diversity in an insect species and identify sudden population contractions (producing bottlenecks), because of the survival of few resistant individuals after the selection pressure imposed by a chemical or biological control. Hence, the reduction of genetic diversity in a pest species can provide feedback on the effectiveness of control programs (Hampton et al. 2004 , Rollins et al. 2006 . When crop producers decide to locally eliminate pest populations by using any type of control, we would expect that the Þrst alleles that would disappear from the population would be those that are at low frequencies (Hauser et al. 2002) . After 4Ne generations (Ne being the effective population size), more alleles will be lost, which means that the loss of alleles will depend on the effective population size. If we are able to estimate the genetic diversity (), the D Tajima-Nei test (for population contraction or expansion analyses) (Tajima 1989) , and the effective population size "Ne" (Pinto et al. 2002) in a pest, the design of better long-term control strategies could be improved for an insect. For all these reasons, we calculated these estimators in N. elegantalis from Colombia. Tajima-Nei (Tajima 1989) estimated for each department of Colombia showed in general that N. elegantalis populations are not either in contraction or expansion, suggesting that natural selection or a bottleneck effect has not strongly occurred in this pest species. However, Ne was indirectly estimated by using ⍜ (nucleotide polymorphism), where ⍜ ϭ 2Ne for a mitochondrial DNA gene (Freeland 2005) . The value of Ne estimated for N. elegantalis was 3,176 individuals, assuming a mutation rate of 1.7 ϫ 10 Ϫ6 substitutions per site per year (Brower 1994b) . N. elegantalis Ne value is low compared with the estimations made on S. frugiperda and O. nubilalis, with values of 1,889,100 and 150,000 Ð 200,000 individuals, respectively (SalinasÐHernández and SaldamandoÐBenjumea 2011, Malausa et al. 2007 ). However, this value is still high for integrated pest management (Pinto et al. 2002) .
In summary, our study demonstrated that in Colombia, N. elegantalis has genetically differentiated haplotypes that are the result of host plant association with species in the Solanaceae. Genetic divergence was driven by the effect of the Andean mountains acting as a barrier to gene ßow for the most common haplotypes found in this species. The host plant asso-ciation can be explained by the evolution of host biotypes or strains that were Þrstly identiÞed as distinct population based on morphology of female genitalia and wing morphometrics. Thus, for N. elegantalis, both mitochondrial DNA differentiation and morphological divergence provide evidence for the existence of populations that are going through ecological speciation.
